Objectives-To compare the prevalence of antibodies against Marek's disease herpes virus (MDV) and against avian leukosis viruses type C (ALV) in groups of workers exposed to poultry and in unexposed groups. Methods-Antibodies directed against avian viral proteins were detected by enzyme linked immunosorbent assay in 549 subjects. Exposure to chickens was high in two subgroups: farmers on intensive chicken farms and workers at chicken slaughterhouses. One subgroup, traditional farmers on dairy or pig farms with poultry, had moderate exposure to poultry. Another subgroup, farmers and slaughterhouse workers on quail farms, had high exposure to quails. Three subgroups were not exposed to chickens: farmers on dairy or pig farms without poultry, workers at cattle slaughterhouses, and white collar workers. Also, MDV antibodies were tested after serum sample adsorption with chicken antigens in 134 serum samples. Results-The prevalence of antibodies against MDV was significantly higher in the exposed subgroups than in unexposed groups (odds ratio (OR) 6'17; 95% confidence interval (95% CI) 3-91-9.75). No association was found between seroprevalence and age. However, higher prevalence was found among women and was related to duration of exposure to chickens. The concentration of antibodies from a few subjects remained very high after adsorption. Significant differences between the men and women were found for the prevalence of antibodies for ALV but were not related to exposure to chickens.
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Conclusions-The prevalence of antibodies against MDV was significantly higher among workers exposed to chickens and was related to sex and duration of exposure. The higher prevalence of antibodies against avian oncogenic viruses found among women compared with men may be induced by differences in exposure or by genetic factors. The meaning of these high titres could be related to the presence of MDV in humans. Because the involvement of animal oncogenic viruses in human cancer is indicated by epidemiological and some experimental studies, the integration of viral DNA in human cells needs to be investigated. ( 20 control subjects and 98 workers exposed to poultry. We found positive serum samples in some exposed workers.
We decided to verify the presence of antibodies against MDV and ALV, to assess their specificity, and to compare the prevalence of these antibodies in different groups of workers exposed and not exposed to poultry.
Population and methods

POPULATION
All workers participating in this study were recruited on a voluntary basis. They were selected in six districts in the west and north east of France. Questionnaires and blood samples were obtained from November 1990 to May 1991 by the occupational health services. The population studied included three main types of activity: farmers, slaughterhouse workers, and white collar workers.
A total of 582 subjects were divided into seven subgroups according to the type of exposure to animals (table 1).
The group highly exposed to chickens included two subgroups with high exposure to chickens: farmers on intensive chicken farms and workers at chicken slaughterhouses.
One group was highly exposed to quails: farmers and slaughterhouse workers on quail farms.
One group had moderate exposure to poultry: traditional farmers on dairy or pig farms with poultry.
The group which was not exposed to chickens included three subgroups: farmers on dairy or pig farms without poultry, workers at cattle slaughterhouses, and white collar workers not exposed to cattle and poultry (clerical workers).
The subjects of the preliminary study were not included. (13) 46 (13) 46 (13) 31 (18) 20 (17) 26 (18) Group highly exposed to chickens:
Farmers on intensive chicken farms 54 43 97 33 (9) 32 (9) 32 (9) 8 (6) 6 (6) 7 (6) Workers at chicken slaughterhouses 33 17 
50
40 (10) 41 (11) 40 (10) 12 (9) 9 (4) 11 (8) for crude MDV was 5000 ,g/ml and the effective dilution for the test was 1/4000. The concentration for purified MDV was 200 ug/ml and the effective dilution was 1/1000. After coating, wells were incubated for one hour with a bovine serum albumin solution (2 mg/ml in carbonate buffer, pH 9 6) to block free sites. Serial concentrations of human serum samples diluted in PBS containing 10% newborn calf serum (100 gul) were dispensed into the wells. After one hour at 37°C plates were washed and horse radish peroxydase conjugate with 2,2'-azino-bis-3-ethylbenz-thiazoline-6-sulphonic acid (ABTS) substrate was used. Coloration was measured with an automatic photometer (Dynalab) at 405 nm.
The samples at each dilution were tested as duplicates. Moreover, the results for each serum sample were expressed by the values of optical density at each dilution and by one titre: the titre of each serum sample was the first dilution with an optical density lower than 0*1.
Specificity of antibodies
The specificity of antibodies against MDV was tested for cytomegalovirus, Herpes simplex, and Herpes varicellae in 44 subjects with antibodies against MDV and 44 subjects without antibodies against MDV.
The ELISAs were used to detect immunoglobulin G antibodies against cytomegalovirus, Herpes simplex, and Herpes varicellae (ELISA Enzygnost, Behring).
STATISTICAL ANALYSIS
Standard descriptive statistics were used to represent responses as a frequency distribution and to calculate group means and variances. X2 Tests were used with 2 x 2 contingency tables to find whether relations shown between the qualitative variables were significant. The prevalences of the titres were studied accord- 
ANTIBODIES AGAINST MAREK'S DISEASE VIRUS
In the overall population, antibodies were more often present at higher titres in the groups exposed to chickens than in unexposed groups (tables 2 and 3). No significant difference was found between the three subgroups not exposed to poultry (white collar workers, workers at cattle slaughterhouses, farmers in Table 6 Multivariate analysis by logistic regression of titres against MDV higher than 11640 in the groups unexposed to chickens, moderately exposed to chickens, and highly exposed to chickens (the adjusted ORs increased with the duration ofexposure to chickens but not with age) dairy or pig farms without chickens). These three subgroups are pooled as unexposed subjects in fig 1. No significant difference was found between the two subgroups with the higher exposure to chickens (farmers on intensive chicken farms and workers at chicken slaughterhouses). These two subgroups are pooled as exposed subjects in fig 1. Significantly higher titres were more frequently found in workers exposed to chickens than in unexposed workers. The prevalence of titres in farmers on dairy or pig farms with poultry was intermediate. Their exposure to chickens was probably lower and heterogeneous in comparison with farmers who specialised in chickens and workers at chicken slaughterhouses (tables 2 and 3). The ORs were adjusted for age and sex by multivariate analysis. These ORs were significantly higher in subgroups exposed to chickens than in unexposed groups (tables 4 and 5) . The ORs increased significantly in men and women according to the duration of exposure to chickens (table 6) .
Similar results were found when comparing the values of optical densities. The geometric means of optical densities for each dilution were significantly higher in the two subgroups with higher exposure to chickens than in the three unexposed groups and intermediate values were found for the farmers with cattle and poultry ( figs 2 and 3) .
The prevalence of the titres in workers on quail farms was much higher among women than men with significant differences of geometric means (tables 2 and 3 and figs 2 and 3).
The decrease in values of optical densities after adsorption with chicken antigens was greater among exposed workers than among unexposed workers. Significant differences after adsorption remained only for crude MDV between exposed and unexposed women (fig 4) . However, the concentration of antibodies in a few subjects, both men and women, remained very high and constant after adsorption.
CROSS REACTION WITH HUMAN HERPES VIRUSES
The prevalence of antibodies against cytomegalovirus was similar among subjects with and without antibodies against MDV (29-5% and 31-8% respectively). No cross reaction was found.
All subjects except one had antibodies against Herpes varicellae. Thus, no cross reaction was found. However, the prevalence of antibodies against Herpes simplex was slightly higher among subjects with antibodies against MDV than among subjects without such antibodies (91% v 75% respectively, P = 0 05).
ANTIBODIES AGAINST AVIAN LEUKOSIS RETROVIRUSES
No significant difference was found between subgroups for the prevalence of titres of antibodies against ALV nor for the mean values of optical density (tables 7 and 8). However, significant differences between men and women were found. Figure 4 Geometric means ofoptical densities for antibodies after adsorption with crude Marek's disease virus among highly exposed and unexposed women.
Discussion
Cancers induced by viruses were shown first in animal experimental studies and confirmed by epidemiological surveys. Some viruses such as MDV are highly contagious. Until recently, few investigations have been performed to determine the potential role of animal oncogenic viruses such as ALV and MDV in human cancer. The ALVs are also known as avian type C oncoviruses and have been placed in the family Retroviridae.46 They induce a variety of transmissible benign and malignant neoplasms in chickens and, to a much lesser extent, in other birds. By far the most common type induced under natural conditions is lymphoid leukosis.47 Tumours mainly develop at the end of the production period and the incidence of clinical disease is generally low. However, viral infection occurs in most chicken flocks and in the absence of overt disease it affects productivity of chickens. 48 Chickens are the natural hosts for ALVs that are transmitted mainly vertically from hen to progeny through the egg, and horizontally from bird to bird by close contact. 49 Workers may be infected by scratch injury during breeding operations, manual sexing, or artificial insemination. The means of transmission and the greater liability of ALV compared with MDV could explain the lower risk of transmission of ALV to humans. These facts are in agreement with our results for ALV because no difference was detected for the prevalence of antibodies between exposed and unexposed workers.
Most of the studies that have sought antibodies against ALV have been negative or their results were considered to be non-specific. 21 The human exposure to MDV is quite dif- However, the genome structure of MDV indicates a closer relation to alpha herpes viruses such as Herpes simplex that is very common in humans.5'"' The MDV is quite widespread in chicken populations and is efficiently transmitted through the air in poultry house dust and chicken dander. 54 The chickens in the flocks were vaccinated against MDV during the period of the study, by the Herpes virus of turkey (HVT). This vaccine strain of virus, which is also present in the flocks, is not excreted at the feather follicle level and thus is not airborne as is MDV. The vaccinal virus could therefore not be inhaled by the workers. This vaccination is effective against expression of disease but not against contamination and multiplication of wild viruses. Consequently, MDV is widespread in all flocks, and in breeding houses and slaughterhouses the workers are continuously exposed and inhale avian oncogenic viruses. This exposure may explain the occurrence of antibodies against MDV in the exposed groups studied (fig 1) . These findings confirm the detection by Naito et However, exposure to poultry was not precisely assessed in most studies,2 68 confounding exposures were difficult to separate, 6 25 and the sample sizes of some populations studied were not large enough to find a significantly increased risk. 13 14 22 23 25 In spite of these difficulties, several studies have indicated an association between exposure to poultry and cancers of the haematopoietic and lymphatic systems.'0 15- 19 23 Moreover, sex differences in occupational exposure to animals and in the occurrence of cancer were not always mentioned. Women are often involved in breeding poultry.
Interestingly, among farmers, the risk of multiple myeloma in the United States5 and multiple myeloma and leukaemia in Denmark and Italy2 were significantly higher among women. We also found a higher prevalence of antibodies against avian oncogenic viruses among women. It has also been shown that female chickens are more sensitive than males to MDV55 and ALV.56 Thus, the difference found between men and women in our study may be induced by genetic factors, as in chickens, or by differences in exposure.
In our study occupational contacts with poultry were associated with a higher percentage of workers with high antibody concentrations against MDV. The significance of these antibodies in humans is still unclear. Titres decreased after adsorption with chicken antigens and the differences between exposed and unexposed groups were less significant. However, some subjects still had high titres of specific antibodies. Antigenic relations have already been reported between herpes viruses from different species.57 We determined whether there was a cross reaction against human herpes viruses and no relation was found, except for Herpes simplex. This finding may be explained by one major viral glycoprotein which is homologous in MDV and Herpes simplex.58 The meaning of these high titres could be related to the presence of MDV in humans. As the organisation of the MDV genome is known,58 59 and DNA-specific probes for MDV will be available, and as MDV is integrated into the host cell genome in chickens, we plan to investigate the integration of viral DNA into cells of exposed workers and of subjects with cancer. 
